The study was carried out in Chandigarh, India with the following objectives: (1) to monitor the bacteriological quality of drinking water; (2) to collect data on bacteriological contamination of water collected at point of use; (3) to test both groundwater being supplied through hand pumps and pretreated water; and (4) to determine the pattern of seasonal variations in quality of water. The community-based longitudinal study was carried out from 2002 to 2007. Water samples from hand pumps and tap water were collected from different areas of Chandigarh following a simple random sampling strategy. The time trends and seasonal variations in contamination of water according to area and season were analysed. It was found that the contamination of water was higher during the pre-monsoon period compared with the rest of the year. The water being used in slums and rural areas for drinking purposes also had higher contamination levels than urban areas, with highest levels in rural areas. This study found that drinking water supply in Chandigarh is susceptible to contamination especially in rural areas and during pre-monsoon. Active intervention from public health and the health department along with raising people's awareness regarding water hygiene are required for improving the quality of drinking water.
INTRODUCTION
Access to safe drinking water is essential to health, a basic human right and a component of effective policy for health protection (WHO ). One of the most serious problems humanity is facing today is the global water crisis.
Development of sustainable and safe drinking water supplies is a global challenge. According to the United Nations third World Water Development Report, more than 600 million people in many parts of the world are forced to live without safe water and sanitation services.
The per capita water availability depends on storage capacity. Developed nations are much further ahead in storage capacity than the developing nations. India's per capita storage capacity is 213 m 3 as against 4,733 m 3 and 1,964 m 3 in Australia and the USA, respectively (Mahanti ) . In most developing cities, population growth precedes the development of an infrastructure capable of handling water and waste water, which tends to lead to widespread contamination of the groundwater by domestic and industrial effluents (Cheema ) . Thus, ensuring safety of public water supply systems in the municipal towns and rural areas has remained (posed) the greatest challenge to public health engineers and municipal authorities. While meeting the demands for adequate quantity of water, it is also essential to ensure the quality of water.
The interactions of quality of drinking water with health are multiple. On the most direct level, water can be the vehicle for the transmission of a large number of pathogens leading to various diseases such as diarrhoea, cholera, typhoid, infectious hepatitis and enteric diseases. Epidemics of such diseases have become an annual event in urban, peri-urban and rural areas particularly among low-income groups of people (Lal ) . Even in the metropolitan areas and megacities, the operation, maintenance and quality monitoring of drinking water supply systems are extremely inadequate. The service pipes leading to individual houses in India most often have leaking joints leading to the contamination of the water supply. In the rural areas even the rudimentary facilities of water quality monitoring and surveillance are not available.
Despite the fact that India is one of the wettest countries, it is in the midst of a serious water problem.
The major reasons are high population density, time and variability of rainfall and increasing depletion and contamination of its surface water and groundwater. Climate change is also affecting the hydrological cycle (Mahanti ).
Similar to most cities in India, the public water supply in Chandigarh, Union Territory is managed by a municipal body. The quantity of water supply has increased but to improve its quality a system of monitoring and surveillance for drinking water quality is imperative. Against this background, this study was carried out with the following objectives: (1) to monitor the bacteriological quality of drinking water in Chandigarh, India; (2) to collect information on bacteriological contamination of water collected at point of use in Chandigarh; (3) to test both groundwater and pre-treated water supplied in Chandigarh; and (4) to determine the pattern of seasonal variations in quality of water.
MATERIAL AND METHODS

Study area and study design
This was a community-based longitudinal study conducted 
Laboratory analysis of samples
The water samples were tested for bacteriological contamination by coliform organisms using presumptive coliform count employing the method described by Mackie and
McCartney (Senior ) . The most probable number (MPN) of these bacteria was determined from McCrady's probability tables. Detection of growth of Vibrio cholerae was also done using the concentration technique described by Mackie and McCartney (Collee et al. ) . The samples of tap water which were found contaminated (on first visit)
were repeated in the next visit.
Data analysis
Samples with MPN more than three were considered unfit for drinking purposes. Time trend and variations in contamination in different areas were studied. To explore the seasonal variations in quality of drinking water, the months March-June were considered as the pre-monsoon, July-October as the monsoon and November-February as the post-monsoon season.
On bacteriological examination, if the water sample was found to be contaminated, the Director Health Services
Chandigarh Administration was informed so that he could take remedial action as soon as possible. All the hand pumps which were found to supply contaminated water were either marked unfit for drinking or these hand pumps were removed.
RESULTS
Level of contamination of water
A total of 662 drinking water samples, 309 from hand pumps and 353 from taps, were collected from the study area. Of the total samples, 140 (21.1%) were found to have MPN more than three and therefore were not fit for drinking purposes. Overall 36.9% (114/309) of the hand pump samples and 7.4% (26/353) of tap water samples surveyed were found to be contaminated ( Table 1 There was a marked reduction in the levels of water contamination in slums over the study period. It reduced to 6.1% Water from hand pumps, which represents groundwater, was observed to be clearly more contaminated in pre-monsoon and monsoon seasons compared with the post-monsoon period.
Five water samples were also detected to be positive for Vibrio cholerae during the study period. All these samples were taken from hand pumps. But no case of cholera was reported during the study period from the study area. No major diarrhoeal epidemic was recorded during the study, although a few sporadic cases were noted during the rainy season.
DISCUSSION
The United Nations General Assembly () explicitly recog- The results of this prospective study showed that the drinking water supply system in Chandigarh is susceptible to contamination. We found that 29% of the drinking water samples were contaminated with coliforms sufficient to exceed the current standards for safe drinking water.
This prevalence is much lower compared with other studies The maximum contamination was observed in water samples collected from rural areas. In these areas, over the years, no change was observed in level of contamination indicating that water supply in rural areas needs to be improved.
A study to determine the bacterial contamination in drinking water samples collected from some rural habitations in northern Rajasthan showed that the bacteria belonging to the family Enterobacteriaceae (coliforms) showed the maximum occurrences in water samples (Suthar et al. ) . Contrary to the normal belief that the water sources are maximally infected during monsoon season, it was observed that contamination of water samples was greater in pre-monsoon period compared with monsoon and post-monsoon. This might be because this time of year (March-June) is the hottest requiring greater consumption (quantity) of water which could be more easily met by hand pumps than tap water in slums and rural areas. In slums and urban areas, the tap water supply is available for a limited period of the day only. Thus, increased demand and short supply of water also forced public health authorities to allow people to use hand pumps that were marked unfit for drinking. Although these hand pumps were only permitted to be used for purposes other than drinking, the inhabitants were using these for all purposes including drinking. Other authors have also observed that Escherichia coli count was higher in the summer than in the rainy season (Marisa et al. ) . It is well known that E. coli are mostly of human and animal faecal origin; hence their increase in water can be correlated with increased human and animal activity. Five water samples collected from hand pumps were detected positive for Vibrio cholerae during the study period. But no case of cholera or major diarrhoeal epidemic was recorded during the study period from the study area.
CONCLUSION
Improved access to safe drinking water will help to improve quality of life as most of the communicable illnesses, especially in developing countries, are due to lack of safe and wholesome water supply. To improve quality, it is essential to improve the monitoring mechanisms at all levels of the system. This study found that drinking water supply in
Chandigarh is susceptible to contamination. Contamination was greater in rural and slums areas than urban areas, with highest levels reported in rural areas. It was also observed that contamination level was higher in pre-monsoon season rather than monsoon season, with significant annual variations except in rural areas. Increased demand and short supply during hot weather increased the use of hand pumps for drinking water purposes. Hence, the present paper strongly advocates a more intensive and active intervention from public health engineering and the health department to reduce the problem of water contamination in order to combat rampant water-borne and water-related diseases in these areas. Education level, increased public awareness and their participation are also paramount prerequisites for better water management.
